Review E244 THIEME Introduction ! Acute variceal bleeding (AVB) is the most common and severe complication of liver cirrhosis. It is defined as active bleeding from esophageal and/or gastric varices seen during endoscopy or non-bleeding varices with blood in the stomach and no other source of bleeding [1] . It is associated with high inpatient mortality rates (30 -50 %) [2] , and accounts for 70 % of all upper gastrointestinal bleeding in patients with portal hypertension [3] . Variceal bleeding is a well-known risk factor for complications such as bacterial infections, hepatic encephalopathy, hepato-renal syndrome, and decompensated liver disease. Thomopoulos et al. observed that 10.7 % of patients develop recurrent bleeding during initial hospitalization and also found that the severity of liver injury (Child -Pugh C) and shock on admission were independent predictors of 6-week mortality [4] . The presence of these factors upon admission should alert physicians to provide early resuscitative measures and consider alternative approaches for management. Over the past two decades, mortality rates have decreased significantly from 60 % to 17 % at 6 weeks due to recent advances in the management of variceal bleeding [5] . The principal steps in management of AVB are hemodynamic resuscitation by correcting hypovolemia, predicting and treating complications of AVB, and achieving adequate hemorrhage control. Initial resuscitation measures include airway protection by intubation, placement of large gauge IV access preferably central line, and normal saline infusion to maintain central venous pressure [6, 7] . Although correction of coagulopathy with fresh frozen plasma (FFP) and platelets is widely practiced, there is no evidence to support this. Infection is a strong prognostic indicator and few meta-analyses have shown that short-term antibiotic prophylaxis confers a significant beneficial effect by decreasing mortality and incidence of bacterial infections Background: Acute variceal bleeding (AVB) is a life-threatening complication of liver cirrhosis or less commonly splenic vein thrombosis. Pharmacological and endoscopic interventions are cornerstones in the management of variceal bleeding but may fail in 10 -15 % of patients. Rescue therapy with balloon tamponade (BT) or transjugular intrahepatic portosystemic shunt (TIPS) may be required to control refractory acute variceal bleeding effectively but with some limitations. The self-expanding metal stent (SEMS) is a covered, removable tool that can be deployed in the lower esophagus under endoscopic guidance as a rescue therapy to achieve hemostasis for refractory AVB. Aims: To evaluate the technical feasibility, efficacy, and safety of SEMS as a rescue therapy for AVB. Methods: In this review article, we have performed an extensive literature search summariz-
Introduction

!
Acute variceal bleeding (AVB) is the most common and severe complication of liver cirrhosis. It is defined as active bleeding from esophageal and/or gastric varices seen during endoscopy or non-bleeding varices with blood in the stomach and no other source of bleeding [1] . It is associated with high inpatient mortality rates (30 -50 %) [2] , and accounts for 70 % of all upper gastrointestinal bleeding in patients with portal hypertension [3] . Variceal bleeding is a well-known risk factor for complications such as bacterial infections, hepatic encephalopathy, hepato-renal syndrome, and decompensated liver disease. Thomopoulos et al. observed that 10.7 % of patients develop recurrent bleeding during initial hospitalization and also found that the severity of liver injury (Child -Pugh C) and shock on admission were independent predictors of 6-week mortality [4] . The presence of these factors upon admission should alert physicians to provide early resuscitative measures and consider alternative approaches for management. Over the past two decades, mortality rates have decreased significantly from 60 % to 17 % at 6 weeks due to recent advances in the management of variceal bleeding [5] . The principal steps in management of AVB are hemodynamic resuscitation by correcting hypovolemia, predicting and treating complications of AVB, and achieving adequate hemorrhage control. Initial resuscitation measures include airway protection by intubation, placement of large gauge IV access preferably central line, and normal saline infusion to maintain central venous pressure [6, 7] . Although correction of coagulopathy with fresh frozen plasma (FFP) and platelets is widely practiced, there is no evidence to support this. Infection is a strong prognostic indicator and few meta-analyses have shown that short-term antibiotic prophylaxis confers a significant beneficial effect by decreasing mortality and incidence of bacterial infections [8 -10] . Pharmacological therapy with vasoactive Background: Acute variceal bleeding (AVB) is a life-threatening complication of liver cirrhosis or less commonly splenic vein thrombosis. Pharmacological and endoscopic interventions are cornerstones in the management of variceal bleeding but may fail in 10 -15 % of patients. Rescue therapy with balloon tamponade (BT) or transjugular intrahepatic portosystemic shunt (TIPS) may be required to control refractory acute variceal bleeding effectively but with some limitations. The self-expanding metal stent (SEMS) is a covered, removable tool that can be deployed in the lower esophagus under endoscopic guidance as a rescue therapy to achieve hemostasis for refractory AVB. Aims: To evaluate the technical feasibility, efficacy, and safety of SEMS as a rescue therapy for AVB. Methods: In this review article, we have performed an extensive literature search summarizing case reports and case series describing SEMS as a rescue therapy for AVB. Indications, features, technique, deployment, success rate, limitations, and complications are discussed.
Results: At present, 103 cases have been described in the literature. Studies have reported 97.08 % technical success rates in deployment of SEMS. Most of the stents were intact for 4 -14 days with no major complications reported. Stent extraction had a success rate of 100 %. Successful hemostasis was achieved in 96 % of cases with only 3.12 % found to have rebleeding after placement of SEMS. Stent migration, which was the most common complication, was observed in 21 % of patients. Conclusion: SEMS is a safe and effective alternative approach as a rescue therapy for refractory AVB.
drugs such as terlipressin, somatostatin, octreotide, or vapreotide should be started if AVB is suspected during the pre-endoscopic setting [11 -13] . Endoscopic therapy is the cornerstone for achieving adequate hemorrhage control, which should be done within 12 hours from arrival at the hospital. The success rate of endoscopic therapy is almost 90 % [14] . Delaying endoscopy for more than 15 hours is a risk factor for inpatient mortality [15] . Traditionally, injection sclerotherapy with aethoxysklerol or cyanoacrylate was widely used but has been replaced with more definitive treatments such as variceal band ligation (VBL) [1] . Meta-analyses and studies have shown that a combination of endoscopic therapy and pharmacotherapy significantly achieves bleeding control but does not change mortality [16 -20] . Rescue therapy is indicated when endoscopic treatment or combination treatment have failed to control bleeding. Balloon tamponade (BT), which controls bleeding in most patients by compression of bleeding varices, may be deployed as bridging rescue therapy for more definitive therapy. Surgical approaches and transjugular intrahepatic portosystemic shunt (TIPS) are other widely used rescue treatments with success rates of approximately 95 % [21] . Recent reports have suggested that SEMS is a more effective and safer alternative than BT. In this review article, we evaluate the technical feasibility and efficacy of SEMS and discuss the limitations of other rescue therapies in the management of refractory AVB.
Rescue therapies
!
Balloon tamponade (BT)
First described by Westphal in 1930 [22] , the principle of compression was used to develop the Sengestaken-Blakemore tube in 1950 to control refractory AVB. It remained the only available effective therapy until 1980 [23] . It is a multi-luminal plastic tube with esophageal and gastric balloons. The Minnesota-tube is a modified version with an aspiration channel above the esophageal balloon. Success rates of BT in achieving short-term hemostasis vary between 50 % and 90 % [2, 23, 24] . Bleeding reportedly recurs in 50 % of cases [25] . Although BT is widely available and relatively easily applied during emergent bleeding, it has several disadvantages. BT should be deployed by skilled personnel, preferably under fluoroscopic guidance, because it has been shown that the incidence of perforations increases when inserted by inexperienced staff [26, 27] . It is associated with serious complications such as ulceration, necrosis, and esophageal rupture owing to constant inflation [26, 28] . Because of the high risk of aspiration of gastric contents, it is advisable to proceed with BT after elective intubation. Asphyxiation due to proximal migration of the tube, a rare complication, has been observed [29] . Occlusion of the esophagus by the balloon limits oral fluid intake. Moreover, it is an unpleasant experience for the patient. Repeat endoscopic examination requires frequent removal and placement of tamponade. BT is a bridging procedure until a definitive treatment option is available. In 1957, surgical implantation of a metal cylinder in the distal esophagus was described but was not routinely used.
Surgery
Surgical procedures are less commonly used owing to advances in endoscopy and liver transplantation. Surgical intervention remains the only option for patients in whom medical and endoscopic control of bleeding cannot be achieved or if TIPS is not feasible because of technical problems such as portal vein thrombosis [30] . A surgical option includes esophageal staple transaction with gastroesophageal devascularization, which has a 30-day mortality of up to 80 % [31] . No difference in mortality and bleeding control was found when compared with sclerotherapy [32, 33] . Selective shunts (e. g. spleno-renal) and non-selective shunts such as small diameter porto-caval shunts are other surgical options. Spleno-renal shunts are more effective than porto-caval shunts but the latter have a lower incidence of encephalopathy and rebleeding [34, 35] .
Transjugular intrahepatic portosystemic shunt (TIPS)
TIPS has emerged as a promising rescue therapy and offers an effective alternative to shunt surgery. It is a technically challenging procedure done at tertiary care centers that requires placement of a stent between the hepatic vein and portal vein under radiological guidance. Placement is even more difficult in the setting of portal vein thrombosis. Indications for TIPS are refractory AVB or bleeding that recurs after initial hemostasis with endoscopic therapy. The success rate of TIPS in effectively controlling AVB is 93 -95 % [36] . Rebleeding was observed in only 15 -18 % after initial intervention with TIPS -a much lower rate compared to the surgical approach. The most common and expected side effect is deterioration of hepatic function and subsequent development of hepatic encephalopathy in 35 -40 % patients [37] . Owing to considerable limitations of the above mentioned rescue therapies, there have been a plethora of ongoing research studies and clinical trials to develop a definitive tool for managing refractory AVB. These have led to the development of a specialized SEMS.
Self-expandable metal stent (SEMS)
The self-expanding metal stent (SEMS) is a removable, covered, self-expanding metal stent that can be deployed endoscopically with a guidewire. Initial use of SEMS was described in 1980 as a palliative treatment for malignant strictures, malignant tumors, and fistulas. Its observed effectiveness led to advances in the design and incorporation into instruments to be used as a rescue therapy for AVB. Advantages include ease of stent placement and removal without the need for radiological guidance making it a more practical therapeutic bridging intervention to stabilize a bleeding patient. We have reviewed two case reports and seven case series to evaluate the technical feasibility, safety, efficacy, and stent-related complications before and after removal of SEMS in the management of refractory AVB.
Materials and methods
!
We performed an extensive English language literature search using Pubmed, Medline, and Google Scholar to identify peer-reviewed articles using the following key words: self-expandable metal stent, SEMS, and refractory acute variceal bleeding. Only articles involving human studies were selected. Search results yielded mostly small sample-sized retrospective studies including case reports and case series. The relevant studies were identified by manual search and were included as references. The indications, procedural details, technical and clinical success rates, complications, and limitations were reviewed in detail. None of the authors have any conflicts of interest or financial relationships with the company that produces or distributes the device described in the review article.
Results
!
Ten original published articles were considered appropriate for inclusion in our review article. Of these, seven were case series from Austria [38, 40] , United Kingdom [42] , Egypt [47] , Germany [44] , Netherlands [45] , and Switzerland [46] . Three case reports were from the United Kingdom [39] , Moldova [43] , and Germany [41] . The first case series was reported by Hubmann et al. in 2006 from Austria [38] . In total, 103 cases were reviewed from case reports and case series. All cases are summarized in • " Table 1 
Patients' characteristics
Current available literature proposes that SEMS is indicated as a rescue therapy until more definitive therapy is available for AVB [38 -49] . In total, 55 cases reported alcoholic cirrhosis as an underlying cause of acute variceal bleeding, which constitutes almost half of the total cases (• " Table 1 ). Matull et al. describe a patient with alcoholic cirrhosis who had bleeding from varices as the result of a tear from prior BT treatment [39] . Dechene et al. deployed SEMS in a patient who had variceal bleeding owing to cirrhosis secondary to portal vein thrombosis [41] . It has been reported that VBL is a very safe and effective approach in the management of AVB [50] . Mishin et al. reported successful hemostasis of a post-VBL bleeding ulcer, which is a very rare cause of bleeding [43] . Nonalcoholic steatohepatitis (NASH) is an emerging cause of cirrhosis and its incidence is growing in recent years, which can manifest in later stage as a life-threatening variceal bleed. Dechêne et al. demonstrated the effectiveness of SEMS in two patients with NASH [44] . Holster et al. also tested the yield of SEMS in a non-cirrhotic patient who had portal hypertension secondary to liver metastasis [45] . A recent case series by Zakaria et al. described the use of SEMS solely in patients with cirrhosis secondary to hepatitis C [47] . As stated in• " One placement was not successful, therefore it was not counted. 2 Initial bleeding control was achieved in only seven patients. 3 Only two of five patients survived. 4 Successful placement was achieved in six out of seven patients.
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The number of prior bleeding episodes before SEMS application has been described in • " Table 1 . In most of the cases, SEMS was deployed after 1 -6 episodes of bleeding, however, Dechêne et al. initiated SEMS during the first bleeding episode. All previous bleeding episodes were treated with different modalities such as BT, VBL, and sclerosing therapy (ST) (• " Table 1 ). Placement of SEMS is contraindicated in patients with esophageal strictures and recent esophageal radiation exposure because of technical difficulty in deployment and risk of perforation, respectively. Furthermore, the use of this device for patients with tumors of the upper respiratory or gastrointestinal tract must be considered with caution.
Basic features of the SEMS ! Hubmann et al. described their experience with three different types of SEMS: Danis Ella−CS, Choo Stent, and the Boubela ± Danis esophageal stent [38] . Danis Ella−CS stents were used for the other remaining cases. SEMS is made of a nitinol stent covered with polyurethane foil with a relaxed diameter of 25 mm [47] . Stent length measures 135 mm, which avoids excessive tension to the aortic arch by the proximal end of the stent. The shape of the stent matches the anatomical configuration of the distal end of the esophagus and allows elongation and narrowing of the stent. Variable pitches in the stent braiding conform to esophageal peristalsis and reduce the risk of stent migration. There are retrieval loops at each end, which help to reposition or remove the stent. Proper marking on the delivery device guarantees correct positioning of the stent. There are radiopaque markers at both ends and at the midpoint of SEMS (• " Fig. 1 ).
Technique
!
The technique for SEMS insertion and removal is comparatively safe. While it does not require radiological guidance, it requires some degree of expertise. First, a guidewire is inserted into the stomach under direct visualization with conscious sedation during upper endoscopy. Next, the stent delivery device is passed over the guidewire into the stomach. The gastric balloon is inflated with air and the whole delivery system is withdrawn until resistance is felt, which ensures that the balloon is impacting against the cardia of the stomach. The stent is then deployed at the distal esophagus followed by careful endoscopic examination to ensure proper stent placement and cessation of bleeding (• " Fig. 2 a) . SEMS can remain intact for 2 days to 2 weeks to allow liver recovery. SEMS can be safely removed with a PEX-Ella extractor (Ella -CS) under endoscopic guidance. A retrieval loop at the top of the stent is captured by a hook at the end of a guidewire. A plastic sheath is advanced over the guidewire until the whole stent can be fully captured in the sheath (• " Fig. 2 b) . The PEX-Ella extractor is then removed and careful endoscopic examination is performed for assessment of rebleeding and the need for further endoscopic treatment [42, 47] .
• " Fig. 3 shows endoscopic images of stent insertion and removal.
Successful placement
SEMS was successfully deployed in 100 out of 103 cases: a 97.08 % success rate. Wright et al. had one failure of stent deployment because of failure of gastric balloon deflation [42] . Zakaria et al. described a case of failure and three cases of technical difficulty during stent placement [47] . The following technical difficulties have been reported: bending of the guidewire, migration of the stent into the stomach, and malfunction of the delivery system causing rupture of the gastric balloon [47] . Stents remained safely intact for 4 to 14 days in most cases. Holster et al. kept the stent in place in three patients for between 6 and 214 days. All three patients eventually died due to progressive hepatic failure [45] .
Successful extraction
Successful SEMS extraction was performed in all 96 cases with the PEX-Ella extractor (Ella -CS) under endoscopic guidance without any reported technical difficulty. Thus, SEMS extraction had a success rate of 100 %. A total of 100 patients had successful SEMS placement, however, four patients died before the stent was removed [44, 45] .
Successful hemostasis
In all cases, proper stent placement and cessation of bleeding were confirmed by upper endoscopy. Of the total of 100 patients who had successful stent placement, 96 patients had immediate hemostasis achieved after stent deployment. Wright et al. found that two of the failed hemostasis cases were bleeding from gastric varices, which were confirmed on subsequent upper endoscopy. Initial endoscopy could not be performed in these cases because of the acuity of the patients' conditions and severity of bleeding. This underscores the importance of upper endoscopy to ascertain the source of bleeding before stent deployment [42] . Zakaria et al. described two cases of bleeding control failure: the first case was because of rupture of the gastric balloon, and the second case was because of bleeding from a small junctional varix [47] .
Rebleeding
Out of 96 patients who had documented successful hemostasis achieved on primary upper endoscopy, only three patients (3.12 %) rebled. Dechêne et al. observed that the patients who had rebleeding episodes were only treated with pharmacological measures to reduce portal hypertension rather than more definitive measures such as TIPS [44] . Rebleeding rates can be decreased by more definitive treatment.
Definitive treatment after stenting
Most patients underwent more definitive treatments such as TIPS, VBL, radiological intervention procedures, and liver transplant. Few patients were treated more conservatively with pharmacological measures but it has been observed that there is a high risk of rebleeding compared to patients treated with more definitive measures.
Complications, adverse outcomes and mortality
A current review of the literature reveals that the SEMS procedure can be safely performed without any major reported complications or adverse outcomes. Stent migration into the stomach is the most commonly reported complication and was observed in 21 out of 100 successfully stented patients. Holster et al. postulated that blind insertion of a nasogastric tube may induce stent migration distally into the stomach [45] . Zakaria et al. suggested that delaying confirmatory endoscopy for 5 minutes after deployment of SEMS will allow it to fully expand and thus decrease the chances of stent migration [47] . Interestingly, none of the patients with stent migration had rebleeding. The second most common complication observed was ulceration at the stent site varying from superficial ulcerations to deep ulcerations. A total of five patients were reported to have ulceration at the site of the stent, which was noted during extraction. All of them were managed conservatively by proton pump inhibitor. Dechene et al. reported a case of narrowing of the left main bronchus by stent compression, which is very rare, but with few reported cases [41, 53, 54] . A total of 27 patients died between 7 and 60 days, mostly due to progressive hepatic damage and multi-organ failure.
Summary and future directions
! Refractory AVB is a life-threatening consequence of liver cirrhosis. BT, TIPS, and surgery are proven and currently available tools to arrest uncontrollable bleeding with individual limitations. Our current literature review suggests that SEMS is an innovative therapeutic approach for refractory AVB with excellent efficacy, safety, and relatively few adverse outcomes. However, several unanswered questions remain with regard to its application as a standardized recommendation for patients. It is unclear whether SEMS is an effective option for a patient who cannot receive a more definitive approach such as TIPS, liver transplant, or surgery. There is paucity of experience with SEMS reported apart from in Europe and some parts of Russia, and it has yet to be FDA-approved in the United States. Its yield in elderly patients with multiple comorbidities must also be investigated. The role of SEMS is yet undefined in controlling gastric and junctional variceal bleed. Modifications in stent design may be warranted to overcome incidences of stent migration. At present, there are a limited number of SEMS cases reported, however, they describe significant outcomes and challenges for clinicians. Future largescale studies are needed to confirm these initial findings of SEMS as a promising tool in the control of refractory AVB.
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